This paper describes the Advanced Dual-Cell Battery Concept for Battery Electric Vehicles in the framework of the European Seventh Framework Programme (FP7). The project investigates a well promising new energy concept, whereby high energy and high power dimensioned batteries are combined on cell level. The proposed methodology should allow to extend the battery life cycle by imposing peak power at the high power cell and supplying energy by the main energy source: high energy cells. Moreover, the new concept will assist to prolong the range of an e-car compared to conventional battery electric vehicles with high energy cells. Therefore, new advanced battery models, including adequate estimation techniques for battery model parameters, state of charge and state of health, will be developed at the Vrije Universiteit Brussel and IFP Energies Nouvelles. Then, from the point of view of the electronic architecture, the energy transfer between high energy and high power cells and balancing system from the other side will be carried out by Valeo and IFP Energies Nouvelles. Finally, this innovative concept will be validated by VDL, Volvo, CRF, European Batteries, and BOSCH companies.
Introduction
Since the beginning of the automobile era, the internal combustion engine (ICE) has been used for vehicular propulsion. In addition, motor vehicles powered by the ICE are significant contributors to air pollutants and greenhouse gases linked to global climate change [1, 2] . As the global economy begins to strain under the pressure of rising petroleum prices and environmental concerns, research has spurred the development of various types of clean energy transportation systems such as Hybrid Electric Vehicles (HEVs), Battery Electric Vehicles (BEVs) and Plug-in Hybrid Electric Vehicles (PHEVs) [3, 4] . But the establishment of the energy storage technology which can support the output power during acceleration, the efficient use of the regenerative energy and considerable life cycle are the critical aspects and no current battery technology can meet these often concurrent objectives [4] [5] [6] [7] . In the last decennium Electric Double-Layer Capacitors have been considered as a possible solution in BEVs and HEVs due to their excellent properties in the terms of power density and life cycle. However, the implementation of such system with the associated DC-DC converter is still expensive due to the high cost of the power electronics system. In order to overcome the limitations of the battery system in BEV applications, a new project, called SuperLib, has been launched in the framework of the European Seventh Framework Programme (FP7) addressing the combination of high energy and high power Liion batteries for the enhancement of the overall system performance, for the improvement of the battery lifetime, the reliability and the cost/performance ratio of the battery system [8].
Project targets
In BEVs and PHEVs, the battery system can be considered as a key component. The battery in these applications is designed as high energy rather than higher power. The energy content in large full BEVs is in the range of 15-25 kWh. However, these battery systems should have good power capabilities (up to 150 kW) during acceleration and braking events. According to the United States Advanced Consortium targets, the energy density of the battery pack for PHEVs should be in the range of 140 Wh/kg and 300 W/kg, whileas the life cycle of the battery pack should be about 5000 cycles (70% DoD). Here, it should be noted that these objectives are still ambitious for commercial lithium-ion batteries. Especially, at pack level, the energy density is much lower due to the packing, interconnections, mechanical reinforcement at cell level, heating and cooling. Thus, there is a need for new requirements for BEVs and PHEVs based on realistic and feasible targets. In the framework of this project, a number of objectives have been defined (see Table 1 ). As we observe in Table 1 , the state of charge swing during one cycle is extended from 70% for USABC to 90 for SuperLib. This issue can only be achieved by using a battery system, which is both able to provide peak power and to have high energy content. In order to accelerate the penetration of BEVs and PHEVs into the market, the battery system should have a lifetime above 3000 cycles, not be expensive neither heavy.
In order to achieve the above mentioned objectives, a number of European research institutes and industrial stakeholders are involved in this project. Vrije Universiteit Brussel, which has a strong expertise in the field of modelling and estimation techniques for various rechargeable energy storage systems, together with IFPEN and Fraunhofer, will transfer the required scientific knowledge to the industrial oriented partners such as Volvo, CRF, AVL, BOSCH, European Batteries and Valeo.
Battery performances
In order to guarantee the above specified objectives, an advanced battery is required. In this consortium, European Batteries provides high quality 45Ah lithium iron phosphate based battery cells. With an energy density of 138 Wh/kg, these batteries are optimized as high energy batteries. Moreover, these battery cells have good rate capabilities as it is presented in Figure 1 . Independent of the imposed current, the obtained discharge capacity is almost 40 Ah. Then these cells will be combined with high power cells with a rated capacity of 15 Ah. 
Battery models
In battery management systems (BMS), the battery model can be considered as a key issue. In [9] [10] [11] [12] [13] Figure 2 . 
Thermal modeling
The focus of the SuperLib projectlies on the association of HE-HP cells to achieve enhanced electrical performance. In order to prevent the thermal runaway of the batteries, an advanced thermal model will be developed at IFPEN [14, 15] . Moreover a multi-dimensional finite element thermal model will be developed, taking into account geometrical and thermal properties of Liion HE and HP cells as well as connectors and electronics. Moreover, a thermal/electrical lumped parameter model developed at IFPEN will be used as a building block in the multidimensional models for HP and HE cell: this coupling allows the simulation of thermal gradients within the cell. Thus, the multidimensional model will be used to simulate both internal gradients within cells and electrical components as well as outer and inter cells temperatures in the module architecture.
Simulations will be performed to investigate the thermal behaviour of Li-ion cells and modules with respect to the cells number and geometry (see Figure 3) . This approach will also be used to define the nature and flow of the cooling and adjust the inlet and outlet orifice of the flow circuit. Moreover, the temperature profiles in the gap between cells but also the thermal gradient inside cells will be considered to optimize thermal management strategies for PHEV and BEVs. 
Advanced battery management system
Compared to EDLC, the combination of high power and high energy cells requires a well optimized balancing system between the cells within the stack as well as a system for the energy flow from one stack to another. In [8] a system is defined whereby each stack has its own balancing system. The energy flow between the stacks can be performed by a bi-directional DC-DC converter. However, this solution seems very expensive and heavy. A second solution which has been proposed by AVL and Valeo is the connection of both types of battery cells directly in parallel. Due to this integration, only one balancing system is necessary for the connected cells in series. However, by employing a heavy load profile to such topology, the high energy battery cells will suffer from the high peak current. This will decrease the lifetime of the high energy battery. Moreover, this approach needs high power electronic circuits, which is heavy and costly. A third approach which has been proposed in the framework of the project is based on the merits of the above mentioned
systems, which is presented by Figure 5 . In the proposed system, there is a need for a new bidirectional DC-DC converter for the distribution of the load by the both energy sources. Here, it should be noted that the high energy battery stack will only be responsible for delivering the mean power, while the high power cells will guarantee the peak power. 
Advanced thermal sensor
As reported by Omar et al, the temperature has a significantly impact on the battery performances [14] . Particularly, at low temperatures the battery performances reduce and at high temperatures the ageing phenomena in the battery accelerate. Moreover, the temperature distribution inside a battery is far from equal. For the proposed battery cells of European Batteries, where the terminals are located at one side, the temperature in the area between the two electrodes will be much higher. In order to prevent high local temperatures, an advanced thermal sensor as presented in Figure 5 into the pouch cells will be developed by Fraunhofer Institute in Germany. Furthermore such sensor allows to improve the performances of the BMS through accurate estimation of SoC and SoH on cell level. As mentioned above, these two parameters are strongly dependent on temperature. 
Program development
The testing experiments have been started on cells since November 2011, using electric benches, climatic chambers and impedance meters from both VUB and IFPEN facilities. First results and model developments will be discussed soon. Benefits of the program among others will be the crossing of methods in the fields of cell testing and modelling, and the fruitful comparison of different estimation strategies among the partners. 
